Methods: The study had a repeated cross-sectional design, and body mass index (BMI) was calculated based on height and weight measurements collected from child health and school health records. The prevalence of thinness, overweight and obesity was estimated with international cut-offs, with linear trends calculated separately for boys and girls.
INTRODUCTION
Childhood overweight and obesity continuously increased during the 1980s and 1990s (1) (2) (3) , but several studies worldwide have reported that the increase levelled off and reached a plateau during the last decade (4) (5) (6) . Surveys indicated the same development among Swedish 7-to 12-year-old children (7) (8) (9) . However, an English study reported that the prevalence was stabilising among children aged 2-10, but still increasing among those aged 11-15 (10) . As childhood obesity often tracks into adulthood (11), followed by an increased risk of diseases such as diabetes type 2, cardiovascular disease and cancer (12) (13) (14) , it is important to continuously monitoring the prevalence of obesity among children and adolescents.
Trends in the prevalence of thinness among children and adolescents have seldom been reported, but one study of worldwide trends did report a decrease in moderate and severe underweight in children of 5-19 years of age, with large regional differences (6) . In the Netherlands, the prevalence of thinness grade 1 and grade 2, according to Cole et al. (15) , decreased among children aged 2-18 years between 1980 and 2009 (16) . However, Hardy et al. (17) did not find any trends in the prevalence of thinness grade 2 among Australian children and adolescents from the mid1980s to 2010. Data from the United States and 10 European countries from the multinational Health Behaviour in School-aged Children Study showed an overall decline in thinness among 11, 13 and 15-year-olds between the survey years of 1998, 2002 and 2006, but with national differences (18) .
Trends in the prevalence of thinness, overweight and obesity in both preschool, school-aged children and adolescents during the last decade, using yearly measurements for all age groups, have not, to our knowledge, been reported previously. The aim of the present study was to explore the trends in thinness, overweight and obesity in Swedish children aged 4, 7, 11, 14 and 17 years between 2004 and 2015.
MATERIAL AND METHODS

Study population
In Sweden, all children are regularly invited to health visits run by child health or school health services. These health visits are performed according to the national health monitoring programme and include measurements of height and weight. This study used all height and weight data measured between 2004 and 2014 for four-year-olds and between the academic years 2004/2005 and 2014/2015 for children aged 7, 11, 14 and 17, in J€ onk€ oping County, Sweden. The number of children per age group and study year varied between 2623 and 4542 (Tables 1,  S1 and S2).
The participation rates were estimated using the total number of children in the age group according to the Swedish National Agency for Education for the 7, 11, 14 and 17-year-olds and the child health centres in J€ onk€ oping County for the four-year-olds. The figures for the respective study years are presented in Table 1 . In the oldest age group, the participation rates varied between 55% and 69% over the study period and in the younger age groups between 82% and 97% of the eligible children participated. In total, there were 190 965 measurements of BMI included in the analyses.
Measurements
Height, weight, sex, date of measurement and date of birth were collected from child healthcare and school healthcare records. Height was measured without shoes to the nearest 0.5 cm in the four-year-old children and to the nearest centimetre in all other age groups. Weight was measured in light clothing without shoes to the nearest 100 g at all ages.
Statistical analysis
Body mass index (BMI), measured as weight in kilograms divided by height in metres squared, was calculated and the prevalence of overweight, and obesity was estimated using the cut-offs recommended by the International Obesity Task Force (19) , corresponding to an adult BMI of ≥25 for overweight and a BMI of ≥30 for obesity. The prevalence of thinness was estimated using the cut-offs for thinness grade 2 as recommended for international comparisons by Cole et al. (15) , corresponding to an adult BMI of <17. The data were checked for outliers, and children with extreme BMI values in each age group were excluded from the analyses. The analyses were performed for girls and boys separately. Chi-square tests were used to test for linear trends in the prevalence of thinness, overweight and obesity over the study period and for differences between boys and girls. p < 0.05 was used for statistical significance. All analyses were performed using SPSS, version 22.0 (IBM Corp, New York, USA).
Ethical considerations
The study was approved by the regional research ethic committee in Link€ oping, Sweden (Dnr: 2015/431-31).
RESULTS
There were 190 965 measurements of BMI included in the analyses and the breakdown by age and study period is shown in Table 1 . The number of children in each age group ranged from 36 130 to 40 926. The mean ages for the participating children were 4.0 (standard deviation AE0.1), 6.6 (AE0.3), 10.5 (AE0.3), 13.9 (AE0.6) and 16.6 (AE0.4) years in the respective age groups. There were no differences in mean age between boys and girls or between the study years. Supplementary information on mean height, weight and BMI per sex and age group and study period are available in Tables S1 and S2. Table 1 Number of participants and participation rates (%) of the total number of children in each age group, according to the Swedish National Agency for Education (7, 11, 14 and 17 years) Tables 2-6 present the prevalence of thinness, overweight and obesity among boys and girls in the respective age groups.
Thinness
There were small differences in the prevalence of thinness over the study period among both boys and girls in all age groups. The prevalence varied between 0.7% and 1.8% in both four and seven-year-olds (Tables 2 and 3) , 0.2% and 1.6% among children aged 11 (Table 4) , 0.5% and 2.2% in 14-year-olds (Table 5 ) and between 0.7% and 1.8% in 17-year-olds (Table 6 ). There was only a small, but significant, increasing trend in four-year-old boys. Analysing all the study years together demonstrated that there were small, but statistically significant, differences in the prevalence of thinness between girls and boys in all age groups, except four-year-olds, with slightly higher prevalence among girls. Looking at the separate study years, there were only significant differences in a few years and the differences only occurred among children aged 4, 7 and 17.
Overweight including obesity
Trends in the prevalence of overweight and obesity are presented in Tables 2-6 and Figures 1-2. There were variations in the prevalence of overweight, including obesity, across the study period in all age groups and both sexes. In the four-year-old children, the prevalence varied from 14.2% to 17.5% in girls and from 10.0% to 13.1% in boys (Table 2 and Fig. S1 ). There was a small, statistically significant, decrease in the prevalence of overweight among both girls and boys. There was no trend in the seven-year-old children and the prevalence of overweight varied from 15.9% to 22.5% in girls and from 13.4% to 16.7% in boys across the study period (Table 3 and Fig. S2 ). In the children who were aged 11 and 14, there were increasing trends in the prevalence of overweight among both girls and boys. The increase was larger among boys and 14-year-olds. The prevalence in the 11-year-olds varied between 18.7% and 23.6% in girls and between 20.5% and 24.5% in boys (Table 4 and Fig. S3 ). The corresponding numbers in the 14-year-olds were between 15.8% and 19.8% in girls and between 18.2% and 24.2% in boys (Table 5 and Fig. 1 ). There were no significant trends in the prevalence of overweight among the 17-year-old girls, but there was quite a large increasing trend among boys, particularly during the last five years of the study period (Table 6 and Fig. 2 ). The prevalence of overweight varied from 15.3% to 17.8% in girls and from 18.8% to 25.3% in boys.
There were significant differences in the overall prevalence of overweight between girls and boys in all age groups, with a higher prevalence among the four-year-old girls (16.0% vs 11.9%) and seven-year-old girls (18.5% vs 15.3%) and a higher prevalence among 11-year-old boys (22.1% vs 21.2%), 14-year-old boys (21.2% vs 17.7%) and 17-year-old boys (22.0% vs 17.1%). When we examined the study years separately, there were significant differences between girls and boys in most of the study years in all age groups, except for the 11-year-olds. The study also showed that the prevalence of overweight increased with age up to the age of 11 and then there were only minor changes. However, when we only examined the total for the last five study years, the prevalence continued to increase to the age of 14 in girls and to the age of 17 in boys, which emphasise the increase in the prevalence of overweight and obesity among adolescents in the last five years of the study.
Obesity
When we examined obesity on its own, no trends were observed in the prevalence among the four-and sevenyear-old children (Tables 2 and 3 and Figs S1 and S2). The prevalence of obesity varied between 2.2% and 4.0% in the four-year-old girls and between 1.8% and 2.3% in the fouryear-old boys across the study period. The corresponding figures for the seven-year-olds were 3.4-5.9% in girls and 3.3-4.8% in boys. In children aged 11 and 14, there were small, increasing trends in the prevalence of obesity for both girls and boys (Tables 4 and 5 and Figs 1 and S3 ). The increase was larger for boys among the 14-year-olds. The prevalence varied from 2.5% to 5.6% in 11-year-old girls and from 3.2% to 5.5% in boys throughout the study period. The corresponding figures for the 14-year-olds were 2.6% to 4.3% for girls and 3.2% to 6.1% for boys. There was no significant trend among the 17-year-old girls, but there was a large increasing trend in the prevalence of obesity in the 17-year-old boys, which predominantly occurred in the last five years of the study period (Table 6 and Fig. 2 ). The prevalence of obesity varied between 2.8% and 4.2% in the 17-year-old girls and between 3.6% and 7.8% in the boys. There were significant differences in the overall prevalence of obesity between girls and boys in all age groups, with higher prevalence among the girls in the four-yearold (2.8% vs 2.0%) and seven-year-old children (4.5 vs 3.8%) and a higher prevalence among the boys in 11-year-old children (4.5% vs 3.9%), 14-year-old (4.8% vs 3.3%) and 17-year-old adolescents (5.4% vs 3.4%). Examining the study years separately, there were only significant differences in a few years in the three youngest age groups, while there were differences in around half of the study years in the adolescent groups.
DISCUSSION
This study examined trends in thinness, overweight and obesity in children and adolescents in a Swedish county during the last decade. There was an alarming increase in the prevalence of overweight and obesity among the adolescent boys, while there were minor or no changes in the younger children and the adolescent girls. The prevalence of thinness grade 2 was low in all age groups and there were not any time trends except for a small increasing trend in four-year-old boys. An Australian study showed similar results, with a low prevalence of thinness grade 2 and no trends among 6-to 17-year-olds for the period 1997-2010 (17) . In the Health Behaviour in School-aged Children study, which covered the USA and 10 European countries from 1998 to 2006, thinness was estimated based on self-reported height and weight in 11-, 13-and 15-year-old children and adolescents. There was a higher prevalence of thinness grade 2 among girls, between 2.6% and 3.3% in 2006, compared with the present study (18) . This could have been an effect of self- reported data, which has been shown to overestimate the prevalence of thinness in this age group (20) . There were not any significant changes in the prevalence of thinness in the Health Behaviour in School-aged Children study between 1998 and 2006 (18) . The youngest children in the present study did not show increases in the prevalence of overweight and obesity over the study period, which agrees with the findings of previous studies (5,10,21). Ogden et al. (21) showed that the prevalence of obesity declined among two-to five-year-old plateaued or even declined in children aged 2-11 between 1995 and 2008, while it continued to increase in adolescents. An English study of primary care patients also reported that the prevalence of both overweight and obesity plateaued in children aged 2-10 between 2004 and 2013, while there was a continuing, but smaller, increase in 11-to 15-year-olds (10) . This was consistent with the present study, which showed increasing trends in the 11-, 14-and 17-year-olds, especially among the oldest boys. A study published by Lissner et al. (22) in 2013 reported similar results when they compared two cohorts of Swedish 19-year-old adolescents born in 1974 and 1990, respectively. There was no difference in the BMI Z-scores between the girls, but the Z-scores increased between the boys in the two cohorts. The increase in the prevalence of overweight and obesity among the 17-year-old boys noted in our study is of concern. A large study published in 2016 showed an increased risk of cardiovascular death in adulthood in individuals who had a high BMI at the age of 17 (12) and it has been established that overweight and obesity are tracking into adulthood with increased risks of other diseases and a lower quality of life (11, 14) . An interesting finding in the present study was that the prevalence of overweight and obesity was constantly higher among the girls than the boys in the two youngest age groups, at the same level in the 11-year-olds and higher among the boys in the two oldest age groups of 14 and 17. In the children aged four and seven, the differences were mostly due to differences in the overweight category, namely a BMI equivalent to an adult BMI of 25-29.9 . A Finnish study showed the same pattern, with a higher prevalence of overweight and obesity in girls aged five and a similar or higher prevalence in 12-year-old boys (23) . Similar results were reported for younger children by other studies that used the International Obesity Task Force cut-offs, but not when they used other definitions (24, 25) . For example, studies that used the definition of the Centers for Disease Control and Prevention were more likely to find a higher prevalence of overweight and obesity in boys of all ages (26, 27) . This raises the question about the validity of the cut-offs for classifying overweight, obesity and thinness in children of different ages and in different populations. A Swedish study found quite large differences in the prevalence of overweight and obesity in 10-year-old children when it compared three classification systems. It reported that the International Obesity Task cutoffs generated the lowest prevalence and thus the most conservative results (28) . Altogether, this implies the need for further research and a widely accepted reference for international comparisons of childhood obesity.
A strength of the present study was that it was based on height and weight measured by child healthcare and school healthcare nurses, which decreased the risk of misclassification of thinness, overweight and obesity. Self-reported height and weight have been shown to underestimate BMI (20) . Another strength was the high participation rate, which was probably due to the fact that the measurements of height and weight formed part of the national health monitoring programme attended by most children. An additional strength was the yearly measurements over the entire study period. This decreased the risk that the results were due to cohort effects, which would have been a risk, considering that the prevalence of overweight and obesity fluctuated considerably between the study years in the present study.
A limitation of the present study was that health visits were not as frequently attended by the 17-year-old adolescents as the younger subjects, which explains the lower participation rate in this age group. Caution is advised when interpreting the results in this age group, as there is a risk that the prevalence of thinness, overweight and obesity could be both underestimated and overestimated. It could be that adolescent who was thin or carrying excess weight attended the health visits to a greater or lesser extent than their normal-weight peers, due to the need for extra health support or fears about the risk of stigmatisation. Another limitation was that we could not assess the accuracy of the height and weight scales that were used. According to the child healthcare and school healthcare manuals, they should be calibrated regularly, but we cannot rule out measurement errors.
The study was performed in 1 of the 21 counties in Sweden, which raises the question of whether the results would be applicable to the entire country. In 2016, 3.5% of Sweden's inhabitants lived in J€ onk€ oping County and, compared with the whole country, J€ onk€ oping had lower educational levels, but fewer inhabitants with a foreign background, higher employment rates and higher life expectancy (29) . As childhood obesity is associated with low socioeconomic status (7, 17) , the lower educational level suggests that the prevalence would be higher in J€ onk€ oping County than in the rest of Sweden. On the contrary, the lower level of inhabitants with a foreign background, the higher employment rates and the higher life expectancy implies that childhood overweight and obesity should be lower in J€ onk€ oping County. Taking all these factors into account, the results of the present study should be valid for all Swedish children.
CONCLUSION
The prevalence of thinness grade 2 did not change during the last decade among the children in J€ onk€ oping County, Sweden. The prevalence of overweight, including obesity, decreased among four-year-olds, but increased among children aged 11, 14 and 17, with the exception of the oldest girls. The pattern was the same for just obesity. The large increase in obesity among the adolescent boys in our study is of concern and needs to be addressed. Table S1 Number of participants and mean height, weight and BMI among the girls in respective age group. Table S2 Number of participants and mean height, weight and BMI among the boys in respective age group.
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